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EMBEDDED PASSIVE DEVICE STRUCTURE 
AND MANUFACTURING METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to an embedded 

passive device structure and manufacturing method thereof, 
and in particular, to an embedded passive device structure of 
higher device characteristic value (such as, for example, 
capacitance) and manufacturing method thereof. 

2. The Prior Arts 
Embedded passives are capacitors or resistors fabricated 

directly in the inner layers of a multi-layer PCB by means of 
etching or printing process in the formation of the inner layers 
during the manufacturing process of the multi-layer PCB. 
After the multi-layer PCB is laminated and manufactured, 
these embedded passives can replace the discrete passive 
components that Would have to be soldered on the board 
surface of the multi-layer PCB. As a result, more board sur 
face areas are available for layout and connection of active 
device components on the PCB. 

The embedded, implanted or the buried technology is 
staffed by Ohmega-ply Company. By forming a nickel phos 
phorus alloy thin ?lm layer on the matte side of the original 
copper-cladding on an inner-layer surface, resistive elements 
can be embedded and laminated to form the thin core. Using 
three etching steps and tWo photoresist layers, the required 
thin ?lm “resistor” on a speci?c designated position can be 
fabricated. Because the above resistor is embedded inside the 
thin core, it is commonly known as a Buried Resistor (BR). 

Thereafter, in 1992, a PCB manufacturer in the USA 
named Zycon® adds in an extremely thin (2-4 mil) dielectric 
layer as the thin core at the upper layers inside the multilayer 
PCB, Which is outside of the original Vcc/GND thin core, and 
uses the vast area of the parallel copper sheet/ foil of the thin 
core for manufacturing an integrated capacitor, With the trade 
name of Buried CapacitorTM (BC). It has advantages such as 
interference reduction, offering more charge capacity, and 
providing steady voltage While operating under fundamental 
frequencies. Zycon® Company had applied for several pat 
ents relating to the BC (namely, the US. Pat. Nos. 5,079,069, 
5,161,086, and 5,155,655). 

Generally, in order to improve the capacitance of a capaci 
tor under a stable voltage condition, other than the adoption of 
a high-k dielectric layer, using larger areas for the source 
electrode, and ground electrode is also adopted. The source 
electrodes and ground electrodes should be as close to each 
other as possible. HoWever, if the embedded capacitor struc 
ture from the Zycon® Company is adopted because of the 
desire to adopt the ultra thin substrate, the manufacturing 
process becomes dif?cult, and the yield is loWer at the same 
time. Inside this capacitor structure, the source electrode, the 
ground electrode, and the dielectric layer are sequentially 
stacked. In addition, for achieving higher capacitance, the 
ground electrode and the source electrode are already very 
much close to each other. Because of the extra force upon the 
upper layers of the source or ground electrodes during the 
lamination process, it is conceivable that some of the source 
electrodes or the ground electrodes may be embedded into the 
dielectric layer. Therefore, the source electrode and the 
ground electrode may contact With each other, thereby result 
ing in defective products. Although the conventional manu 
facturing technology Was already dramatically improved by 
using the Zycon® method, under the general design criteria, 
the thickness of the dielectric layer at the minimum remains to 
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2 
be at 12 um. As for adopting the high-k resin, the dif?cult part 
lies Within the dif?culty to control the ?nal thickness during 
lamination after the printing steps. In addition, using the 
copper sheet having loW pro?le is required to avoid the prob 
lem of producing cohesion at the same time. The reliability of 
the circuit board manufactured is questionable. 

SUMMARY OF THE INVENTION 

The primary objective of this present invention is to pro 
vide an embedded passive device structure and manufactur 
ing method thereof. In this structure, both the source elec 
trode and the ground electrode of the passive device belong to 
the same level, thereby avoiding the unintentional conducting 
betWeen the source electrode and the ground electrode during 
lamination. As the number of branches for the source traces 
and the ground traces and the side face area have amassed a 
substantial quantity, the capacitance of the embedded passive 
device structure is dramatically improved. 
The other objective of this present invention is to provide 

an embedded passive device structure and its manufacturing 
method. In the manufacturing process, the thin copper layer, 
capable of conducting electroplating current, is used to de?ne 
the locations of the Wiring layer by means of the patterned 
photoresist layer Without having to form the trace Wirings 
through etching. And instead, the electroplating method is 
performed for forming sequentially the required trace Wiring 
or via hole structures, so as to improve the thin trace manu 
facturing capability. Thus, during or at the end of the manu 
facturing process, the thin copper layer, Which is used to 
conduct the electroplating current, is to be removed for 
enlarging the Wiring area to realiZe the objective of the high 
density laminated PCB. 

Another objective of this present invention is to provide an 
embedded passive device structure and its manufacturing 
method. Before ?lling the dielectric material in betWeen the 
source electrode and the ground electrode, the source elec 
trode and the ground electrode (the side face of the ground 
electrode in particular) are ?rst roughened to enhance the 
bonding adhesion among the source, the dielectric layer, and 
the ground electrode, so as to improve product reliability. 

According to the above objectives, the embedded passive 
device structure and its manufacturing method are mainly for 
the embedding of passive devices in printed circuit board. In 
this structure, both the source electrode and the ground elec 
trode of the passive device belong to the same level, and 
include a plurality of ground Wire branches and source Wire 
branches that are formed vertically inside the dielectric layer 
of the circuit board, and are mutually connected With the 
ground electrode and the source electrode, respectively, thus 
avoiding the unintended conducting betWeen the source elec 
trode and the ground electrode While being laminated. When 
it is in the form of the capacitor structure, through the use of 
the ultra-?ne Wiring technology, these source branches and 
ground branches are separated by a tiny gap betWeen each 
other. Therefore, With the increase of the side face area and the 
quantities of the poWer source Wire branches and ground Wire 
branches, the capacitance of the embedded passive device 
structure is dramatically improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be apparent to those skilled in 
the art by reading the folloWing detailed description of a 
preferred embodiment thereof, With reference to the attached 
draWings, in Which: 
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FIG. 1A to FIG. 1B are a plurality of schematic vieWs 
showing the embedded passive device structure in accor 
dance With an embodiment of the present invention; and 

FIG. 2A to FIG. 2G are a plurality of section vieWs showing 
the manufacturing of the embedded passive device in accor 
dance With the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With reference to FIG. 1A~FIG. 1B, FIG. 1A to FIG. 1B 
are schematic vieWs shoWing the embedded passive device 
structure in accordance With an embodiment of the present 
invention. As shoWn in FIG. 1A, When seen from the top vieW, 
the embedded passive device structure (Which may be a 
capacitor, a resistor, or an inductor) in accordance With the 
embodiment of the present invention mainly includes a 
source electrode 12, a ground electrode 14, and a dielectric 
layer 10 ?lling in betWeen and in the periphery of the source 
electrode 12 and the ground electrode 14.As seen from the top 
vieW, the source electrode 12 and the ground electrode 14 
include a plurality of source branches 12a and ground 
branches 14a to be connected, respectively, in the form of a 
rake. 

Brie?y, to form the capacitor, the source branches 12a and 
the ground branches 1411 are mainly arranged in a rake-like 
manner in Which they must face each other across in pairs in 
a criss-cross fashion as shoWn in FIG. 1A. The source 
branches 12a and the ground branches 1411 are in parallel to 
each other in pairs. 

For example, as shoWn in FIG. 1B, the dielectric layer 10 is 
formed on a substrate 5. In the embedded passive device 
structure in accordance With the embodiment of the present 
invention, the source electrode 12 and the ground electrode 14 
both belong to the same level, and are formed in the same 
dielectric layer 10 on the substrate 5, but are not formed in the 
stacked up fashion as found in the conventional technology, 
thereby avoiding the problem of having unintentionally elec 
trically conducting betWeen the source electrode and the 
ground electrode When the device structure is hot laminated. 
In this structure, to increase such as capacitance in a limited 
space to a larger scale, the source electrode 12 and the ground 
electrode 14 are coupled to the source branches 12a and the 
ground branches 1411, Which are vertically formed on the 
inside of the dielectric layer 10 of the printed circuit board, 
respectively. As can be seen in FIG. 1B, each source branch 
1211 or ground branch 14a is formed substantially at the same 
horizontal level as the source electrode 12 and the ground 
electrode 14, and extends vertically through the dielectric 
layer 10. 

While forming the above branches, through the use of the 
ultra-?ne Wiring process, the source branches 12a and the 
ground branches 1411 are separated by a small gap (t) from 
each other. By increasing the side face area (Aqvxd) and the 
quantities of the number of source branches 12a and ground 
branches 1411, the capacitance of the embedded passive 
device structure is improved. In addition, the dielectric layer 
10 can use high-k material for increasing the capacitance. In 
other Words, for the source branch 12a and the ground 
branches 1411 Which are correspondingly formed, Whenever 
one pair is being added each time, the side face area is 
doubled, and the capacitance is doubled thereupon. In a Word, 
it is estimated that the capacitance density per unit area of the 
embedded passive device structure can increase to more than 
triple of the conventional level. The manufacturing method of 
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4 
the embedded passive device structure in accordance With the 
embodiment of the present invention Will be further described 
beloW. 

In the embodiment according to the present invention, the 
gap (t) in betWeen the source branches 12a and the ground 
branches 1411 has a dramatic in?uence on the capacitance, so 
that a non-conventional ultra-?ne Wiring process must be 
used, by reducing the gap (t) by a large scale to increase the 
capacitance. For this reason, the Wiring process in the manu 
facturing method of the present invention has preferred to use 
electroplating to form the circuits, and therefore does not rely 
on etching. Certainly, to form the structures as shoWn in FIG. 
1A~FIG. 1B, no matter Whether electroplating or etching 
method is used, both are included Within the spirit of the 
present invention. The folloWing described method for elec 
troplating does not serve to limit the manufacturing method 
according to the present invention. 

Referring to FIG. 2A~FIG. 2G, FIG. 2A to FIG. 2G are a 
plurality of section vieWs shoWing the manufacturing of the 
embedded passive device in accordance With the present 
invention. As shoWn in FIG. 2A, the substrate 5 is provided at 
?rst, and a thin copper layer 7 Which can conduct electroplat 
ing current, has been already formed on the substrate 5. Then, 
to de?ne the source electrode 12 and the ground electrode 14 
of the passive device structure (including the source branches 
12a and the ground branches 1411 connected With each other) 
as shoWn in FIG. 1A or in FIG. 1B, on the thin copper layer 7 
of the substrate 5, the patterned photoresist layer 20 is formed 
on the thin copper layer 7 of the substrate 5, as shoWn in FIG. 
2B. As shoWn in FIG. 2C, by means of using the electroplat 
ing current Which is conducted by the thin copper layer 7 and 
the patterned photoresist layer 20, the source electrode 12 and 
the ground electrode 14 are formed on the thin copper layer 7; 
and then the patterned photoresist layer 20 is removed. There 
after, inside the gap left after removing the patterned photo 
resist layer 20 (mainly inside the gap betWeen the source 
branches 12a and the ground branches 1411), the dielectric 
layer 10 made of high-k dielectric material is ?lled on the thin 
copper layer 7. 

To promote bonding betWeen the source electrode 12, the 
ground electrode 14, and the dielectric layer 10, before the 
high-k dielectric layer 10 is ?lled on the thin copper layer 7, 
the source electrode 12 and the ground electrode 14 (the side 
faces of the source branches 12a and the ground branches 14a 
in particular) are roughened. 

After ?nishing roughening the source electrode 12 and the 
ground electrode 14 (or not be roughened), as shoWn in FIG. 
2E, the insulating layer 25 along With the metal layer 27 is hot 
laminated on the source electrode 12, the ground electrode 
14, and the dielectric layer 10. And then the metal layer 27 is 
patterned to form a plurality of Wiring 24 as shoWn in FIG. 2F. 
Finally, While during or at the end of the manufacturing pro 
cess, the thin copper layer 7, Which is to conduct the electro 
plating current, is removed to enlarge the Wiring area, so as to 
realiZe the object of the high density PCB. 

Although the present invention has been described With 
reference to the preferred embodiment thereof, it is apparent 
to those skilled in the art that a variety of modi?cations and 
changes may be made Without departing from the scope of the 
present invention Which is intended to be de?ned by the 
appended claims. 
What is claimed is: 
1 . An embeddedpassive device structure in a printed circuit 

board, comprising: 
a substrate; 
a dielectric layer, comprising a high-k dielectric material, 

and formed on the substrate; 
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a source electrode, formed With a plurality of source 
branches Which are connected With the source electrode, 
and are formed inside the dielectric layer With the source 
electrode and each of the source branches extending 
vertically through the dielectric layer at a same horizon 
tal level; and 

a ground electrode, formed With a plurality of ground 
branches Which are connected With the ground elec 
trode, and are formed inside the dielectric layer With the 
ground electrode and each of the ground branches 
extending vertically through the dielectric layer at the 
same horizontal level as the source electrode; 

Wherein the source branches and the ground branches are 
in parallel horizontally and separated by a predeter 
mined horiZontal gap, and the source branches and the 
ground branches both have a predetermined depth and a 
predetermined Width. 

2. The embedded passive device structure as claimed in 
claim 1, Wherein the embedded passive device structure is in 
the form of a capacitor, a resistor, or an inductor. 

6 
3. The embedded passive device structure as claimed in 

claim 1, Wherein the source branches and the ground branches 
are arranged in a rake-like Wiring pattern, and are facing each 
other in pairs in a criss-cross fashion. 

4. The embedded passive device structure as claimed in 
claim 1, Wherein the source branches and the ground branches 
are parallel to each other in pairs. 

5. The embedded passive device structure as claimed in 
claim 1, Wherein the surface of the source electrode and the 
ground electrode are roughened to promote bonding With the 
dielectric layer. 

6. The embedded passive device structure as claimed in 
claim 1, Wherein the source electrode and the ground elec 
trode are in the form of a rake-like Wiring pattern. 

7. The embedded passive device structure as claimed in 
claim 1, Wherein the source electrode and the ground elec 
trode are parallel to each other in pairs. 


